Introduction
when the cyclone exceeds the above critical value, which approximates when the cyclone 90 reaches the mature stage. Based on these criteria, the maximum number of cyclone events 1 Although the raw resolution of the CFS reanalysis is 0.5 • , at this resolution, the mass fields are noisy near TC, likely due to the method used to relocate the TC from its location in the 6 h forecast to the observed position in the analysis (e.g., Liu et al. 2000) ; therefore, the lower resolution 2.5
• dataset, which shows no evidence of this issue, is employed. Given that this study mainly focuses on synoptic-to-planetary scale features, this choice of resolution should not be a limitation motion, and the TC moved poleward of 20 • N; the latter condition removed any TCs that 100 drifted within the deep tropics, but never moved into the midlatitudes. For each of the 101 remaining TCs, the reanalysis position is determined by finding the minimum in 1000 hPa 102 geopotential height each 6 h; for a majority of times, the best track and reanalysis positions Composites of the 300 hPa meridional wind during WNP ET and winter cyclone cases 145 reveal important differences in the wave packet evolution prior to t=0. (Fig. 2) . The domi-146 nant signal in the ET wave packet at −48 h is a 3 m s −1 wind couplet centered near 155
with associated weak ridging in the PV field 2 (Fig. 2a) . By −24 h, the amplitude of the be the onset of transition; these two times can differ by 0-3 days depending on the case.
160
In contrast to ET cases, the winter cyclone composite is characterized by a predecessor 161 wave packet prior to t=0. At t=−48 h, there is a relatively weak (3 m s −1 ) wave packet 162 centered on Japan that subsequently amplifies as it moves eastward with time ( Fig. 2b) .
163
Over the next 48 h, the meridional wind anomalies increase to 18 m s −1 during which time 164 the packet moves 30
• to the east (Fig. 2d ,f). Similar to Hakim (2003) , this pattern suggests 165 that the winter cyclones tend to amplify a weak pre-existing wave packet that is moving 166 through the midlatitude wave guide.
167
In addition to differences in how wave packets are generated during ET and winter winter cyclone wave packet exhibits a similar eastward propagation, the southern edge of the packet is characterized by refraction into the tropics starting at 24 h (Fig. 2h) blurs the sample-average signal.
184
The ET and winter cyclone wave packet properties are objectively analyzed using the 185 methods outlined in section 2b to determine their wavelength, amplitude and group velocity. (Fig. 4a) . By contrast, the winter packet amplitude is 3 m s 219 Figure 6 shows the packet peak wavelength for both the ET and winter cyclone cases. As 220 suggested by Fig. 2 , the ET wave packet has a wavelength that is 500-700 km longer than 221 the winter cyclone cases at all lead times. These wavelength differences are likely due to the 222 structure of the background flow through which the wave packets are traveling.
223
The different behavior of the ET and winter wave packets prior to 0 h suggests that 
242
Whereas winter cyclones are characterized by larger meridional heat fluxes, the opposite 243 is true for moisture fluxes at the same level (Fig. 8a,b) . Here, moisture fluxes are computed (Fig. 4b) . Normalizing 275 the amplitude by the climatological standard deviation indicates that the ET wave packet 276 amplitude is about 10% less than winter cyclones.
277
Wave packet group velocities are consistent with the WNP results, which showed that 278 winter cyclones enhance an existing wave packet, whereas ET packets are produced in situ 279 (Fig. 5b) . The winter-cyclone wave packets have a group velocity that varies between 15-280 30 m s −1 throughout the period. By contrast, as was observed in the WNP cases, the ET wave 281 packet group velocity is slightly negative until 0 h, which is likely related to the combination 282 of the aforementioned midlatitude disturbance getting closer to the ridge associated with
283
ET and the slow zonal motion of the forcing. Beyond that time, the ET packet peak group 284 velocity is quite similar to the winter cyclones, suggesting its propagation properties are 285 similar once the packet is of sufficient amplitude and detached from the forcing. Finally,
286
the ET packet wavelength is greater than the winter cyclones for most times prior to 0 h, 287 though they are quite similar thereafter (Fig. 6b) . (Fig. 7b,d) ; therefore, it appears that while the forcing for height rises 295 in winter cyclones are similar in the two basins, the same is not true for ET. The lower 296 heat fluxes for Atlantic ET would be expected to produce less forcing for height rises in the 297 downstream ridge relative to WNP ET.
298
In addition to having weaker meridional heat fluxes, Atlantic ET cases also appears to 299 have weaker moisture fluxes relative to the WNP cases ( Fig. 8c-d Fig. 7 , but for the meridional flux of 900 hPa water vapor mixing ratio (g kg −1 m s −1 ). Fig. 9 . As in Fig. 2 , but for the Atlantic Basin.
